Masashi UCHIKUNE, Department of Precision Machinery Engineering, College of Science & Technology, Nihon University-The purpose of this study was to clarify the physiological and psychological effects on car-drivers and their passengers. Heart rate, respiratory frequency, salivation, and subjective symptoms were measured before, 3 min and 6 min after starting at speeds ranging from 80 to 120 km/h. Vibration frequency and acceleration of the drivers and passengers' heads were simultaneously determined. The heart rate and respiratory frequency ratios of the drivers travelling at 110 km/h were 1.04, and 1.15 at 6 min after starting, whereas those of the passengers were 1.06 and 1.15, respectively. With respect to the salivation rate ratios, a decrease was noted at all the travelling speeds of both drivers and passengers. In drivers travelling at 110 km/h, a repression value of 0.72 to the baseline of one was noted, and a repression value of 0.91 was noted in the passengers. Pleasant and unpleasant indexes, at 120 km/h was 1.26 times higher than that obtained at 90 km/h. It was considered that in all the measurements the variations were caused by physiological and psychological changes mainly induced by vibration frequency and acceleration of the head. (J Occup Health 2002; 44: 203-206) Key words: Travelling at high speed, Physiological effect, Vibration, Acceleration, Psychological effect Today, the speed limit on Japanese highways is 100 km/h 1) , but the setting of higher speed limits is projected for the future. In preparation for this, a series of experiments on high-speed travelling at up to 120 km/h was conducted to assess the physiological and psychological influences on drivers and their passengers 2)
Today, the speed limit on Japanese highways is 100 km/h 1) , but the setting of higher speed limits is projected for the future. In preparation for this, a series of experiments on high-speed travelling at up to 120 km/h was conducted to assess the physiological and psychological influences on drivers and their passengers 2) .
Methods
The high-speed driving experiments using a station wagon were conducted on the 3.2 km test course of the Second Tsukuba Research Center. The tests were carried out with a view to determining what influences are exercised on drivers and passengers. The station wagon ran at speed of 80-120 km/h for 6 min. Twenty-nine male university students all in good health and aged 21 to 23, height 172.5 ± 5.5 cm, and weight 64.3 ± 5.2 kg, were recruited as subjects.
The students, drivers and passengers for the 6-min running test, were asked to fill in an evaluation paper for the speed test 3) . Figure 1 shows the timetable of the experimental procedures together with the physiological measurement items and psychological metrology in detail 4) . Physiological effects were examined for the purpose of evaluating the influence of the autonomic nervous system based on the investigation of the cardiovascular system, respiratory movement and salivation. A series of measurements were performed for 30 s at 3-min intervals for heart rate and respiratory frequency over a 15-min period commencing 6 min before the start of the high-speed drive.
For physiological metrology, a CdS sensor was used for heart-rate measurement and a thermistor sensor was used for measuring respiratory frequency.
The outputs were amplified with a bio-amp. The outputs from the bio-amp were recorded on a recorder. The amount of the saliva secreted was measured at 3-min intervals by inserting dental cotton underneath the tongue of the subject 5, 6) . The heart rate and respiratory frequency were expressed as the ratio of each measured value to the base value for each parameter determined before the start of the high-speed drive. To evaluate the difference between the mean values for physiological effects, the t-test for dependent data was made. A value of P<0.05 was considered to be statistically significant.
A subjective method was used for evaluating the psychological influence of the high-speed drive on test participants, who completed an evaluation paper after the drive. The evaluation was made in accordance with 5 grades of pleasantness-unpleasantness expressions, employing 1 through 5 evaluation terms as follows 7, 8) , 1: exceedingly unpleasant, 2: slightly unpleasant, 3: normal, 4: slightly pleasant, 5: highly pleasant. In accordance with a semantic differential method, terms adequate for high-speed travelling were also chosen with respect to a 7-grade evaluation. The evaluation terms were as shown below.
1: exceedingly unpleasant, 2: fairly unpleasant, 3: slightly unpleasant, 4: normal, 5: slightly pleasant, 6: fairly pleasant, 7: highly pleasant. Among the twenty items of the psychological evaluation [9] [10] [11] , the "pleasantness-unpleasantness" items are herein shown as an example.
A room temperature of twenty-five degrees centigrade and humidity of fifty-five percent were maintained in the station wagon.
The vibrometer and acceleration gauge were manufactured for educational purposes, and investigation was made of the design, devices, circuits, etc.
In addition to the above, rectifying tests were also conducted 12) . Table 1 gives analytical results obtained from the observation methods described above. Vibration frequency of the head (in the z-axis) fell within a frequency range of 1.6-2.3 Hz, and acceleration ranging from 0.26 m/s 2 to 0.43 m/s 2 was recorded (without load rectification: rms value). The acceleration and the vibration frequency of head were determined for a range of speeds in the vertical direction 13) , and they showed an increase with increasing speed.
Results
Our previous experiment conducted on physiological change in subjects who were seated on chairs (hereinafter shortened just to subjects) revealed that the subjects' heart rate and respiratory frequency increased, whereas a decrease in the amount of saliva secretion was noted as the sympathetic nervous system was affected 14, 15) . In the present study, it was seen that the autonomic nervous system was changed by vibration frequency of 2.5 Hz at 0.35 m/s 2 (rms) or more in the z-axis (an effective value in the vertical direction).
Furthermore the heart rate increased four percent, whereas the respiratory frequency decreased fifteen percent. Meanwhile at 0.063-0.35 m/s 2 (rms) and vibrations of 1.5-2.0 Hz with amplitudes of 1, 2, 3 and 4 mm, the outcome was exactly the opposite to that obtained from the simulation previously conducted. Table 2 shows the physiological effects at 3 min and 6 min after the start of travelling. A value of one is the normalized baseline value before travelling was started.
It is seen in Table 2 that the heart rate and the respiratory frequency ratios were increased at 110 km/h.
The heart rate and the respiratory rate ratios increased for drivers at 110 km/h and the ratios showed about 1.04, 1.15, respectively; and passengers showed ratios of 1.06 and 1.15, respectively.
The heart waveform ratio of drivers at 6 min after the start of travelling rose speed-dependently, and at a speed of 120 km/h, a marked increase was noted Table 3 .
A decrease in the amount of saliva was noted in the drivers, and the ratio indicated by the normalized ratio of 0.6.
The amount of saliva is an indication of the condition of the sympathetic nervous system, and it is notable that the saliva secretion ratio of the drivers decreased 1.25 times more than that of the passengers.
A decrease was noted in the individual pH ratios owing to the travelling.
A four percent decrease was noted in the pH ratio for saliva when driving at 120 km/h. Table 4 shows the results of the evaluation for the psychological effect in 5 grades.
At 90-120 km/h, "3: normal" and "4: slightly pleasant" was shown for both drivers and passengers. The passengers' mean evaluation point was approximately Fig. 1 . Timetable of the experimental procedure.
1.26 times higher than that of the drivers at 100 km/h. At 100 km/h and 120 km/h, the same value was obtained for both drivers and passengers.
Most passengers reported, "5: slightly pleasant, and 6: fairly pleasant" at 90 and 100 km/h. At 110 km/h, the passengers and drivers shared the value as "4: normal and 5: slightly pleasant", but the evaluation value changed at 120 km/h.
The passengers felt anxiety at a speed of 120 km/h. The subjects evaluated themselves as "sleepy", "secure", and "slow" at 90 km/h, but at 120 km/h quite the opposite of 90 km/h. The words "sleepless", "anxious", and "speedy" were evaluated 1.54 (passengers), 1.72 (drivers), and 1.81 times (passengers) respectively. The body parts of the subjects assessed in accordance with the subjective method were "head" and "neck-shoulders" at 90, 100, 110, and 120 km/h.
That was the reason why we measured the acceleration and the vibration frequency of the head. Bodily motions, which are detected by three sensory systems, are caused by head movements or movements in the environment 16) . In the experiment, the approximate vertical Table 4 . Evaluation of subjective method by using the words "unpleasant and pleasant" for drivers and passengers in passenger's seat (the same subject: N=6)
Travelling speed (km/h) 90 100 110 120
Level: 1-5 drivers 3.5, 0. displacement of individuals' heads were measured from 2.7 to 3.7 mm. In a previous experiment conducted by us 17) , effects of acceleration ranging from 0.22 m/s 2 to 0.44 m/s 2 in vertical displacement of the head ranging from 2.7 to 3.7 mm which were transmitted to the body were observed.
Discussion
Results in the literature describe that exposure to mechanical vibration causes a strained state in the sympathetic nervous system of an individual. The results indicate that the vibration frequency of movement and the acceleration of the individuals' head is equivalent to the extent of the effect on the body.
Increases in the vibration frequency and acceleration induce increases in the heart rate and respiratory frequency and a decrease in the amount of salivation.
These are the results of fundamental research conducted by us previously, which suggest that they are independent of the mode of transport. They imply that the effects on drivers and passengers in a particular mode of transport are those connected with speed alone. Thus it has become possible to successfully measure physiological indicators of drivers and passengers and express them numerically.
In general, the psychological evaluation is expressed in terms of riding comfort or sitting comfort in the seat, and especially in the case of transport by comfort or discomfort 18) . In previous experiments, items were found with which it was possible to evaluate factors other than comfort and discomfort.
The results of psychological measurement at 90 km/h and 120 km/h show that drivers were placed under tension 1.21 times greater than that expressed in the items for passenger tension and relaxation. As to the items for the sense of security, sense of speed, and sense of tiredness, quite the same values were obtained for both the drivers and the passengers.
